Abstract Despite advances in speciality care, mortality and morbidity remain the most important issues in the management of post-cholecystectomy bile duct injuries. We analysed the peri-operative management of post-cholecystectomy bile duct injuries to assess their outcomes. Of 150 patients with post-cholecystectomy bile duct injuries, 13 patients who presented with strictured hepaticojejunostomy were excluded from the analysis. The records of the remaining 137 patients were analysed for type of presentation, management and follow-up. Of 137 injuries, 88 were open and 49 were laparoscopic. Various presentations include acute bile duct injury (n=5), bile collection (n=45), external biliary fistula (n=46) and stricture (n=41). After initial management, three patients died (sepsis, n=2; pseudoaneurysmal bleed, n=1). Of 107 patients who underwent definitive repair, three died (portal hypertension, n=2; sepsis, n=1). At median follow-up of 30 months, 100 patients had good outcome (grade A, B), and only 4 had bad outcome (grade C, D) as per McDonald grading. Peritonitis and sepsis in the early phase and portal hypertension and cirrhosis in the late phase are the main causes of mortality in patients sustaining bile duct injury during cholecystectomy. Successful management in a specialist hepatobiliary centre can limit the morbidity in more than 90 % cases.
Introduction
Cholecystectomy is one of the commonest operations performed by surgeons all over the world [1] . Bile duct injury (BDI) occurs in 0.1-0.2 % of open cholecystectomies [2, 3] . Laparoscopic surgery has increased these injuries in terms of both volume (0.4-0.6 %) as well as severity [4] [5] [6] . Bile duct injury adds considerably to the morbidity of an otherwise simple operation. Unfortunately, these injuries affect a relatively younger population leading to loss of work as well as considerable financial burden. In the west, these constitute an important cause of litigation and patient dissatisfaction. Prevention of these injuries by proper surgical technique and delineation of anatomy are important aspects. Since most of these injuries occur elsewhere, timely referral and proper management are equally important for achieving good results. With advances in technical expertise and speciality care, 90 % of BDI have been reported to have a good outcome [7, 8] . Despite these advances, mortality and morbidity are associated with post-cholecystectomy bile duct injuries [9, 10] . These may occur before or at the time of definitive repair. Most reports related to these injuries describe the long-term outcomes [7, 8] . There are only few reports describing the early peri-operative management of these patients [9] . We analysed the presentation and management of post-cholecystectomy bile duct injuries to assess the outcomes with respect to causes of mortality and morbidity.
Materials and Methods
One hundred and 50 patients reported to us in the Department of Gastrointestinal Surgery at Govind Ballabh Pant Hospital from 2003 to 2010. Profile of these patients was maintained prospectively in a database. Post-cholecystectomy bile duct injuries presented to us in broadly two categories:
1. Immediate (acute bile duct injury), i.e. within 24-48 h without any contamination and were repaired on table or immediately. 2. Delayed, i.e. after 48 h. The patients in the delayed group were further classified according to mode of presentation.
The first group presented with bile collection either as bilioma or bile peritonitis. These patients were investigated with abdominal ultrasound and CT scan, followed by percutaneous drainage (bilioma subgroup) or surgical drainage (peritonitis subgroup) to form a controlled fistula before a delayed definitive repair. These patients were subjected to endoscopic retrograde cholangiopancreaticography (ERCP) to assess the type of injury once a controlled fistula was formed. In these patients, either the fistula healed to form a stricture or persisted as external biliary fistula. Subsequent management in these patients was as described below.
The second group presented with external biliary fistula (EBF). Most of these patients had a controlled fistula at the time of presentation and underwent ERCP after initial abdominal ultrasound. Those with type A Strasberg injuries were managed conservatively while patients with complete cut-off of CBD were repaired after waiting for up to 3 months. Many of them had their fistula closed by this time, while some persisted as EBF. Magnetic resonance cholangiopancreaticography (MRCP) was done before definitive repair to assess the type of stricture, extent of biliary dilatation, any aberrant biliary anatomy, atrophy/hypertrophy complex, intrahepatic stones or cholangiolar abscess.
The third group included patients presenting with biliary stricture. This group had some patients presenting early with rapidly rising bilirubin suggesting complete transection. These patients underwent immediate MRCP along with ultrasound Doppler followed by early repair. Other patients in this group presented late with jaundice associated with recurrent episodes of cholangitis. These patients underwent MRCP at the time of presentation along with Doppler. Endoscopic stenting was attempted in selected patients where stricture was negotiable.
All patients were evaluated with detailed history taking and examination. Biochemical and haematological evaluations were done, including liver function tests, renal function tests and haemogram, while preparing them for operative intervention. An interim intervention to control cholangitis was done if required. It included intravenous fluids, intravenous antibiotics and drainage of collection, if any.
Biliary injuries and strictures were classified as per Strasberg and Bismuth classification, respectively [3, 11] . Operative repair consisted of Roux-en-Y hepaticojejunostomy as per the Hepp-Couinaud approach [12] . A liver biopsy was performed routinely. Anastomotic stenting was done only occasionally in difficult repairs for prevention of leaks. Long-term stents were not used.
Patients were followed up regularly in the OPD with history taking, examination, liver function test (LFT) and ultrasound. Any abnormality was evaluated as required with MRCP and/or scintigraphy. Those unable to come to OPD were followed up telephonically. Outcome was analysed using the grading system suggested by McDonald and colleagues [13] : grade A, asymptomatic with normal LFT; grade B, asymptomatic or occasional mild symptoms with deranged LFT; grade C, cholangitis, i.e. pain and fever with deranged LFT; grade D, recurrent cholangitis requiring intervention or revision.
Standard statistical analysis was used. Univariate analysis, Student's t test, Chi square test or Fischer's exact test were used as appropriate.
Results
One hundred and 50 patients with post-cholecystectomy bile duct injury were managed during this period. Only two patients sustained injury in our hospital while the remaining 148 patients were referred from elsewhere. Of these 150 patients, 13 patients were excluded because the index repair was done elsewhere and they presented to us as strictured hepaticojejunostomy. Of the remaining 137 patients, 20 were males and 117 were females. Eighty-eight patients sustained injury during open cholecystectomy while 49 had injuries following laparoscopic cholecystectomy. The mean age was 38 years (12-80 years). Their presentations were as described in Table 1 . External biliary fistula and bile collection were the two most common presentations after bile duct injury.
The time interval at which a patient presented after the index surgery varied according to type of presentation. A patient with external biliary fistula had bile in the drain from day 1. A patient with bilioma presented between 48 h to 7 days, while those with bile peritonitis came between 5 to 14 days after cholecystectomy. Of 41 patients with biliary stricture, 12 patients developed progressive jaundice immediately after cholecystectomy. Of the remaining 29 patients who presented late, 22 were diagnosed within 2 years, six after 2 years and 1 case as late as 14 years after surgery.
Management After Initial Presentation

Acute Bile Duct Injury
Of five patients presenting in this group, two occurred at our hospital while three were referred from outside. Injuries at our hospital included an aberrant right anterior sectoral duct injury and another right duct injury with low insertion. Both these patients underwent hepaticojejunostomy and are doing well. Among the referred patients, two had complete transection (one each with Strasberg E-3 and E-4) and underwent definitive hepaticojejunostomy while one had repair of lateral injury (Strasberg D) over T tube. The patient with Strasberg E-4 had associated duodenal and right hepatic artery injury which was repaired in the same setting with a good outcome.
Bile Collection
Of 45 patients with bile collection, 28 had bilioma and underwent percutaneous drainage of collection. Twenty-six patients formed a controlled fistula, while two patients required exploratory laparotomy. Of these 26 patients, 5 patients were diagnosed to have Strasberg A injury on ERCP (cystic duct stump leak, n=3; cholecystohepatic duct, n=2). Those with cystic duct stump underwent stent placement (n=3), and the other two improved after percutaneous drainage. Fifteen patients with controlled fistula (healed fistulas, n=12; EBF, n=3) underwent hepaticojejunostomy as definitive management. Of the remaining six patients, three were lost to follow-up, two are waiting for surgery and one patient died of unrelated disseminated ovarian tumour.
Nineteen patients including two with failed percutaneous drainage underwent exploratory laparotomy for biliary peritonitis. Of these, 13 patients (healed fistula, n=10; EBF, n=3) subsequently underwent definitive repair. Three patients died post-operatively (two due to sepsis; one had bleeding from pseudoaneurysm) ( Table 2 ). The remaining three patients were lost to follow-up. Of these, one presented later with secondary biliary cirrhosis (child B) and was managed with PTBD.
External Biliary Fistula
Of 46 patients with EBF, fistula closed in 31 patients and subsequently developed stricture. The average time for fistula closure was 60 days (5-240 days). Of these 31 patients, 28 underwent Roux-en-Y hepaticojejunostomy, 1 is waiting for surgery and 2 were lost to follow-up after initial conservative management.
Among the remaining 15 patients, 11 patients with persistent fistula underwent definitive repair with hepaticojejunostomy after a median interval of 3 months (range, 3-6 months) after index surgery. Two patients found to have Strasberg type A injury were treated with endoscopic stenting, while one patient with portal hypertension was managed conservatively with stent placement. One patient is waiting for definitive repair.
Stricture
A total of 41 patients presented with biliary stricture. Twelve patients who had progressive jaundice had a mean bilirubin level of 19.2 mg/dl. These patients underwent definitive repair within 2 weeks of their presentation. Twenty-nine patients had delayed presentation, and their mean bilirubin level was 6.6 mg/dl. Of these, 24 patients underwent definitive repair. Among the remaining five patients, two were treated with biliary stenting; one patient who had complication following ERCP was managed conservatively, and one is awaiting surgery. One patient with secondary biliary cirrhosis developed refractory hypotension during surgery forcing us to abandon the procedure. She was discharged on day 10 and is on follow-up. The overall management of patients is shown in a flow chart (Fig. 1) and Table 3 .
Definitive Repair (Hepaticojejunostomy)
Among patients undergoing definitive repair, Bismuth type 3 was the most common type of stricture followed by Bismuth type 2. The overall distribution of type of stricture is shown in Table 4 . The average size of hepaticojejunostomy was 2.4 cm (0.5-3.5 cm). The mean blood loss during surgery was 110 ml (50-500 ml). The mean operative time was 229 min (150-420 min). Of five patients who underwent stented anastomosis, two had bile leak in the post-operative period. Significant per-operative findings were bilioma (n=17), atrophy/hypertrophy (n=8) and intrahepatic stones and sludge (n=7).
Overall, seven patients had bile leaks. All were managed conservatively and did not require any intervention. One patient with bile leak developed stricture at 12 months and underwent a second surgery. The mortality rate was 3/107 ( Table 2 ). Two patients with secondary biliary cirrhosis developed liver failure and died at post-operative days 21 and 28. One patient who had an associated internal gastric fistula died due to sepsis on day 4. Table 5 .
Secondary Biliary Cirrhosis-Portal Hypertension
Six patients presented with portal hypertension within 24-48 months after bile duct injury. Of six patients with portal hypertension, four had secondary biliary cirrhosis. Of these, one was managed with PTBD and one had refractory hypotension during surgery; therefore, procedure was abandoned. Two patients had successful repair but developed liver failure in the postoperative period and died on 21 and 28 days. Of the remaining two patients, one had a successful repair and outcome and is doing well at 2.5 years, while the other was lost to follow-up after initial management.
Discussion
Bile duct injury is a serious complication of gallbladder surgery. In the data from the west, laparoscopic injuries have overtaken injuries due to open surgery. Johns Hopkins University has reported its experience in management of 200 cases of bile duct injuries sustained during laparoscopic cholecystectomy [9] . Gouma's group reported 83 % of the injuries were due to laparoscopic surgery [14] . Since our hospital receives patients from far and wide including less equipped rural centres, more of our injuries are after open cholecystectomy (n=88) compared to laparoscopic (n=49). This ratio may change with time and with the increasing adoption of the laparoscopic approach. Laparoscopic injuries are more severe as previously described by the Johns Hopkins group [9] and also from our centre by Adarsh Chaudhary et al. [15] . Although the numbers of type 4 and 5 injuries were higher in the laparoscopic group (30 %) compared to the open group (13 %), the difference was not statistically significant in our series. Most of the injuries occur during the first few cases which constitutes the learning curve for this surgery [16] . We emphasise the importance of supervised learning of this procedure. Basic tenets for prevention of this injury should be repeatedly stressed. One should have clear identification of the structures in Calot's triangle before dividing any structures [3, 17] . However, inexperience is not the sole factor for these injuries as surgeons with plenty of experience can cause these injuries as well [17, 18] . These arise out of wrong interpretation of the anatomy and overconfidence. Conversion to open surgery should be seen as a triumph of judgement rather than defeat of laparoscopic skills.
Detection of these injuries at the time of occurrence and their proper management are critical. Majority (10-80 %) of injuries are not identified at the time of operation [9, 18, 19] . Our in-house injuries were limited (n=2), and only three patients sustaining these injuries elsewhere reached us in time for primary repair. If detected at operation or within 48 h, a hepatobiliary surgeon should proceed with repair of these injuries. To emphasise, this repair should only be done by surgeons who are routinely dealing with this problem in a large-volume tertiary centre and not by the operating surgeons with whom the injury has occurred [20] . In a review by Stewart and Law, only 17 % of injuries repaired by the primary surgeons were successful [21] . The best policy for the non-specialist surgeon would be to put in a subhepatic drain and ensure that the patient is referred to a hepatobiliary unit for further management. Initial presentation of a missed BDI can be subtle due to nonspecific symptoms. Any patient who does not rapidly recover after cholecystectomy should be critically evaluated for BDI with ultrasound and liver function tests. Any fever, pain, persistent vomiting or tachycardia should not be ignored especially if the drain has not been placed. If a drain has been put in, presence of bile is a telltale sign.
Patients with bile collection form the most important subgroup as they are responsible for early mortality following injury before patients can undergo definitive repair. The initial management in these cases includes drainage of collection and control of sepsis. Laparotomy is not required for confirmation of injury. It is required in cases of delayed diagnosis, with bile peritonitis and signs of sepsis. Any associated injuries should also be borne in mind. Patients with bilioma should be treated with percutaneous or laparoscopic drainage. Of 28 patients with bilioma, 26 (93 %) were successfully managed with percutaneous drainage in our series. Biliary peritonitis with sepsis is a lethal complication and is the most important cause of death in the early phase. Three of our patients died during the initial management of peritonitis and septicaemia. These patients were diagnosed and referred late. Early diagnosis and referral of bile duct injury can prevent these deaths. This emphasises the need to subclassify the patients with bile leaks into bile collections and external biliary fistula.
Once the sepsis has been controlled, the management concerns the EBF. When to intervene in these cases is a debatable issue. We prefer to delay the intervention up to 12 weeks as this allows the fistula to heal, the level of injury to stabilize, sepsis and oedema to settle and the ducts to dilate. There is also logistic delay as the median time of referral of these injuries is 3 weeks in most series [9] . Subsequently, one needs time to stabilize these patients before definitive repair is planned. Thomson et al. repaired 22 such cases early with good outcome [22] . Repairing these injuries early may decrease hospital stay and morbidity. On the other hand, early repairs within 3 weeks have shown to give poor results. Most authors pursue a policy to wait for 6-12 weeks [23, 24] . Waiting beyond 3-4 months may place the patient at risk for secondary biliary fibrosis [24] . Our cases have been repaired at a median interval of 3 months (range, [3] [4] [5] [6] . This includes the time for referral to our hospital, initial management and time on waiting list.
Patient presenting with progressive jaundice should have intervention for definitive repair early after stabilization. Waiting for 6 weeks may worsen the outcome in these patients. All patients in this subgroup were treated within 2 weeks of presentation and had a favourable outcome in our series. Patients having stricture with delayed presentation should be treated electively after complete workup and controlling cholangitis, if any.
We have not used transhepatic stents as these may increase the rate of infective complications. Delineation of the ducts can be effectively done with the help of MRCP, and therefore, we have not felt the need for a stent to identify the ducts intra-operatively. Our results show that good outcome is possible without the use of stents.
Successful repair was seen in 104/107 (97 %) of our patients undergoing hepaticojejunostomy. Secondary biliary cirrhosis (n=2) and sepsis (n=1) were causes of mortality during definitive management. The adoption of the HeppCouinaud approach has improved the results of Roux-en-Y repair [12] . This approach ensures a wide anastomosis in a relatively vascular area. Still, biliary injury repair is a technically complex surgery where failures of 10-19 % have been reported from centres of excellence [25, 26] .
The patients who presented with portal hypertension had worse outcome in the late phase of management, i.e. definitive repair. This is the group where patients had repeated cholangitis and did not seek treatment at a tertiary centre. Out of six patients, two proved unfit for operation while two others died in the postoperative phase of liver failure. Only one patient followed up at 1.5 years had a good outcome. Other studies have also reported similar findings [27, 28] . Such patients should be considered for liver transplant.
Factors classically attributed to poor long-term outcome include higher Bismuth grades, presence of cholangitis, external biliary fistula, associated vascular injuries and presence of portal hypertension. In a study from SGPGI, India, preoperative bilirubin, cirrhosis and portal hypertension, previous attempts at anastomosis and repair in the presence of external biliary fistula were found to be significant factors for poor outcome [26] . Early surgery (<3 weeks) was found to be associated with poor outcome by Chaudhary et al. [29] . In our study, no such factors could be statistically defined as only 4 % of our patients had a poor outcome. Patients with bile leaks had increased hospital stay, but on follow-up, six of the seven patients showed good outcome. Our low re-stricture rate and good outcome after hepaticojejunostomy may be attributed to our delayed policy of repair and complete delineation of biliary anatomy and mucosa-to-mucosa anastomosis in all cases. However, it needs to be admitted that our median follow-up is only 30 months, and the outcome needs to be assessed further in the succeeding follow-ups.
Although this is a retrospective study, the profile of the biliary injuries described can help in the diagnosis and management of bile duct injuries. The study highlights the importance of management before definitive repair to further reduce the mortality rate. Good results can be achieved with consistent policies and experience.
Conclusions
Bile duct injuries cause a serious shift in the management of patients of cholecystectomy with considerable morbidity and a definite mortality. Late diagnosis with peritonitis in the early phase and late presentation with portal hypertension, recurrent cholangitis and liver damage in the delayed phase are main causes of mortality. If detected early and properly managed in a specialized centre, the damage can be successfully limited.
